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isual Anatomy & Physiology is a comprehensive textbook for the two-semester 
A&P course. It combines a visual approach with a modular organization to 
deliver subject matter in an easy-to-use and time-efficient manner that uniquely 

meets the needs of today’s students—without sacrificing the coverage of A&P topics 
required for careers in nursing and other allied health professions.

For the Third Edition, prior to revising or creating a module, we asked ourselves 
three questions: (1) How can we best make this information meaningful, manageable, and 
comprehensible? (2) Does the module spark interest and encourage students to read it?  
(3) Will students be able to answer “Why is this important?” after the module?

In essence, we want students to be excited about learning human anatomy and 
physiology. During the revision process, our team of content experts, medical illustrators, 
award-winning teaching professionals, academic authors, and publishing specialists worked 
together to write and design this academic text. We scrutinized every sentence, visual, 
and layout, ensuring that the narrative made sense, the content was accurate, and the 
combinations of text and visuals flowed together seamlessly over the one- and two-page 
module presentations. We read countless reviews and listened to our own students in the 
classroom. This end product is the culmination of the very best all involved had to offer.

To help improve future editions, we encourage you to send any pertinent 
information and remarks about the organization or content of this textbook to us directly, 
using the e-mail addresses below. We warmly welcome comments and suggestions and 
will carefully consider them in the preparation of the Fourth Edition.

New to the Third Edition of Visual Anatomy & Physiology
Global

·	 A NEW emphasis on using art more effectively informs multiple changes 
to layout and figure organization, as well as a new system of integrated figure 
prompts and questions. These help students view and navigate the art more  
efficiently and effectively to enhance learning.

·	 NEW Smart Art with QR codes. This new feature, which appears adjacent 
to select figures, gives students access to videos that help them navigate tough 
topics and reinforces the pedagogy of our art.

·	 NEW Modules 1.1 through 1.5 introduce students to the importance of 
studying the art in the book and then guide them in how to study the figures in 
the text. 

·	 NEW Module Review and Module Integration questions. Module Review 
questions appear adjacent to their relevant figures to encourage and prompt 
students to read the text and view the art together. Module Integration ques-
tions at the end of a module encourage the student to engage in higher 
order learning skills. 

·	 NEW Everyday Physiology features are included throughout the text to add 
interest and help students see connections to real-life applications.

·	 The color palette has been enhanced to make the art more vibrant.
·	 Chapter 15 has been revised to place the section on vision before the section 

on equilibrium and hearing.
·	 The topics in Chapters 18 and 19 have been reversed: the heart and 

cardiovascular function are addressed before blood vessels and circulation. 
This arrangement provides a stronger foundation  for understanding the 
structural and physiological factors that affect cardiac output and blood flow 
throughout the body.

·	 Terms have been standardized to match Terminologia Anatomica, Terminolo-
gia Histologica, and Terminologia Embryologica. Stedman’s Medical Dictionary 
was used for terms not found in the preceding books.
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Chapter-by-Chapter Changes in the Third Edition
Chapter 1: An Introduction to Anatomy & Physiology

·	 New Module 1.1: Using your textbook effectively is 
key to your success.

·	 New Module 1.2: Comprehending the art is essential 
to understanding A&P.

·	 New Module 1.3: Break down the art in step-wise 
fashion to learn the topic.

·	 New Module 1.4: Orient yourself to all art in the  
same way. 

·	 New Module 1.5: The learning outcomes correspond by 
number to the chapter’s modules and indicate what you 
should be able to do after completing the chapter. 

·	 Revised Module 1.7 (formerly 1.2) contains a new 
chart on the characteristics of living organisms and a 
new illustrated chart on the processes of life.

·	 Revised Module 1.9 (formerly 1.4) includes a new  
Everyday Physiology box that relates principles of 
physics and chemistry to biology.

·	 Revised Modules 1.10 (formerly 1.5) and 1.13 (for-
merly 1.8) include updated art detailing the integra-
tion of organ systems at the organism level. 

·	 Revised Module 1.17 includes a new flowchart dem-
onstrating the regulation of temperature to maintain 
homeostasis. 

·	 Revised Module 1.18 (formerly 1.13) includes a new 
flowchart of the regulation of body temperature by 
negative feedback. 

·	 Revised Module 1.22 (formerly 1.17) includes updated 
axial skeleton art that provides points of reference to 
the body cavities of the trunk.  

Chapter 2: Chemical Level of Organization
·	 Revised Module 2.2 contains a new Everyday Physiol-

ogy box discussing radioisotopes.
·	 Revised Module 2.4 contains a new Clinical Note dis-

cussing free radical damage.
·	 Revised Module 2.9 contains a new illustration and 

text describing the relationship between monomers 
and polymers. 

·	 Revised Module 2.17 contains a new Clinical Note dis-
cussing protein denaturation. 

·	 Revised Module 2.19 includes a revised illustration 
and additional text to include ATPase and water in the 
hydrolytic breakdown of ATP. 

Chapter 3: Cellular Level of Organization
·	 Revised Module 3.6 relocates the text boxes describing 

the functions of the Golgi apparatus and lysosomes to 
relate more closely to the art depicting them.  

·	 Revised Module 3.12 includes updated art with addi-
tional details of the small ribosomal subunit and of the 
EPA sites on the large ribosomal subunit. 

·	 Revised Module 3.15 includes a new Clinical Note  
describing osmolarity and tonicity in medicine. 

·	 Revised Module 3.17 includes updated art to include 
the role of clathrin in receptor-mediated endocytosis. 

·	 Revised Chapter Review contains new images in the 
Chapter Integration section.

Chapter 4: Tissue Level of Organization
·	 Chapter art contains labels for micrographs of different 

tissue types. 
·	 Revised Module 4.3 contains new art illustrating epi-

thelia and glands. 
·	 Revised Module 4.4 uses the term basal lamina instead 

of clear layer and the term reticular lamina instead of 
dense layer. The module also contains a new Everyday 
Physiology box describing the avascularity of epithelia. 

·	 Revised Module 4.5 includes updated art depicting 
the endothelium lining the inside of the heart and pro-
vides a description of keratin. 

·	 Revised Module 4.6 provides the magnification of the light 
micrograph depicting simple cuboidal epithelium (650×) 
and the LM of the stratified cuboidal epithelium (500×). 

·	 Revised Module 4.7 provides the magnification of the 
LM of the pseudostratified columnar epithelium (350×). 

·	 Revised Module 4.9 (formerly 4.8) differentiates  
between the terms mucous cell and goblet cell. 

·	 Revised Module 4.14 (formerly 4.13) includes updated 
art that incorporates nerves. 

·	 Revised Module 4.15 (formerly 4.14) uses the term tis-
sue membrane and states that deep fascia consists of 
dense regular connective tissue. 

·	 Revised Module 4.16 (formerly 4.15) contains new art 
of muscle tissue types. 

·	 Revised Module 4.17 (formerly 4.16) contains a new 
Everyday Physiology box describing link between neu-
ral activity and thought processes. 

Chapter 5: The Integumentary System
·	 The text now uses subcutaneous layer as the primary 

term and hypodermis as the secondary term. 
·	 Revised Module 5.4 uses the term bulbous corpuscle 

instead of Ruffini corpuscle and the term tension lines 
instead of cleavage lines. The module also contains a 
new Everyday Physiology text box describing subcuta-
neous fat accumulation. 

·	 Revised Module 5.8 contains a new micrograph show-
ing a sebaceous gland. 

Chapter 6: Bones and Bone Structure
·	 The chapter has a new title (formerly titled Osseous 

Tissue and Bone Structure).
·	 Revised Module 6.2 uses bone markings as the primary 

term and surface features as the secondary term. 
·	 Revised Module 6.3 contains an expanded discussion 

of the periosteum. 
·	 Revised Module 6.5 includes updated art that depicts 

the location of nerves within bone and includes the 
term trabecular bone.
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·	 Revised Module 6.6 includes updated art depicting  
the location of blood vessels and nerves in relation  
to bone. 

·	 Revised Module 6.7 defines the term interstitial growth 
and contains a new Clinical Note on the epiphyseal line 
in x-rays. 

·	 Revised Module 6.8 contains a new illustration and 
description of diploë. 

·	 Revised Module 6.9 contains a new image depicting 
acromegaly.

·	 Revised Module 6.11 contains a new description of the 
role of calcitonin. 

·	 Revised Module 6.12 contains new art of a broken and 
healing tibia (formerly humerus). 

Chapter 7: The Skeleton
·	 Revised Module 7.4 uses the term forehead instead of 

frons and clarifies the locations of the zygomatic pro-
cess and temporal process. 

·	 Revised Module 7.5 describes foramina of the skull by 
the bone in which they are located.  

·	 Revised Module 7.7 describes landmarks of the skull 
by which bone they are a part of and hyphenates the 
terms supra-orbital and infra-orbital. 

·	 Revised Module 7.8 describes the function of the men-
tal foramen. 

·	 Revised Module 7.9 uses the term posterior fontanelle 
instead of occipital fontanelle and contains a new illus-
tration and description comparing the skulls of a fetus, 
newborn, and adult. 

·	 Revised Module 7.11 contains new art of the 12 tho-
racic vertebrae. 

·	 Revised Module 7.12 describes the functions of verte-
bral processes. 

·	 Revised Module 7.13 (formerly 7.12) hyphenates the 
term sacro-iliac. 

·	 Revised Module 7.17 (formerly 7.16) hyphenates the 
terms humero-ulnar and radio-ulnar. 

·	 Revised Module 7.18 contains a description on the ar-
rangement of the pelvis. 

·	 New Module 7.21 summarizes the differences between 
the male and female skeletons. 

·	 Revised Module 7.23 (formerly 7.21) elaborates on the 
difference between the medial and lateral parts of the 
longitudinal arch and contains a description of flatfeet. 

Chapter 8: Joints
·	 Revised Module 8.2 contains a description of the joint 

cavity and a new Clinical Note on dislocations. 
·	 Revised Module 8.3 contains descriptions of joints 

based on the number of axes they move around and 
new art of the axes; uses the term plane joint instead 
of gliding joint; and contains an updated chart that de-
scribes each type of synovial joint and the movement 
of each type. 

·	 Revised Module 8.7 has a new title and describes the 
three types of joints within the vertebral column. 

·	 Revised Module 8.8 (formerly 8.7) describes interver-
tebral disc disease. 

·	 Revised Module 8.9 (formerly 8.8) uses ligament of 
the femoral head as the primary term and ligamentum 
teres as the secondary term. 

·	 Revised Chapter Review contains new questions, 21 
and 26. 

Chapter 9:  Skeletal Muscle Tissue
·	 Revised Module 9.1 contains new art of the types of 

muscle tissue. 
·	 Revised Module 9.6 defines synaptic cleft. 
·	 Revised Module 9.10 contains a new Everyday Physiol-

ogy box explaining muscle tone. 

Chapter 10: The Muscular System
·	 Revised Module 10.2 contains new art illustrating the 

different types of levers. 
·	 Revised Module 10.11 clarifies the perineal region. 
·	 Revised Module 10.16 contains new art illustrating su-

pination and pronation. 
·	 Revised Module 10.18 contains a new Clinical Note on 

trigger finger. 

Chapter 11: Nervous Tissue
·	 Chapter title has been changed (formerly titled Neural 

Tissue). 
·	 Revised Module 11.1 includes the enteric nervous sys-

tem (ENS) as a third division of the nervous system; 
simplifies the description of sensory receptors; includes 
afferent, efferent, voluntary nervous system, and invol-
untary nervous system as secondary terms; and  
includes the parasympathetic and sympathetic 
divisions. 

·	 Revised Module 11.2 contains a new Clinical Note on 
the loss of neurons. 

·	 Revised Module 11.3 includes an updated flowchart to 
include the parasympathetic and sympathetic divisions. 

·	 Revised 11.5 contains new art showing the myelina-
tion of an axon in the PNS and a new Clinical Note on 
nerve regeneration. 

·	 Revised Module 11.10 contains new art showing the 
axon hillock and initial segment. 

Chapter 12: The Spinal Cord, Spinal Nerves, and Spinal 
Reflexes

·	 Uses the terms posterior and anterior in reference to spi-
nal roots, ganglion, and rami instead of dorsal and ventral. 

·	 Revised Module 12.2 uses the term lumbosacral  
enlargement instead of lumbar enlargement. 

·	 Revised Module 12.3 clarifies the term rootlets. 
·	 Revised Module 12.4 contains a new Clinical Note on 

the clinical importance of gray matter organization. 
·	 Revised Module 12.5 contains a new Clinical Note on 

shingles. 
·	 Revised Module 12.7 includes the term lumbosacral 

plexus and an updated chart elaborating on the nerves 
and distribution of the cervical plexus. 
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·	 Revised Module 12.9 (formerly 12.8) includes an  
updated chart elaborating on the brachial plexus and 
a new Clinical Note on locating nerve injuries in the 
hand. 

·	 Revised Module 12.10 (formerly 12.9) includes  
updated charts elaborating on the lumbar and sacral 
plexuses and a new Clinical Note on locating nerve 
injuries in the foot. 

Chapter 13: The Brain, Cranial Nerves, and Sensory  
and Motor Pathways

·	 Revised Module 13.3 uses the term dural venous sinus 
instead of dural sinus. 

·	 Revised Module 13.4 includes updated art color-
coded to clarify points of interest and updated charts 
clarifying the parts of the medulla oblongata and the 
pons. 

·	 Revised Module 13.6 (formerly 13.5) includes updated 
art color-coded to clarify points of interest and includes 
a new Clinical Note on ataxia. 

·	 Revised Module 13.8 (formerly 13.7) uses the term nuclei 
instead of group; includes updated art that specifies 
the regions the thalamus projects to; and includes an 
updated chart on the hypothalamus. 

·	 Revised Module 13.9 (formerly 13.8) contains new 
charts that elaborate on the parts of the limbic system.   

·	 Revised Module 13.10 (formerly 13.9) includes an 
updated chart that elaborates on the functions of the 
parts of the basal nuclei. 

·	 Revised Module 13.12 (formerly 13.11) uses the terms 
somatosensory instead of somatic sensory and Wer-
nicke’s area instead of general interpretive area.

·	 Revised Module 13.13 (formerly 13.12) elaborates on 
projection fibers. 

·	 Revised Module 13.15 (formerly 13.14) updates termi-
nology of the branches of the trigeminal and vestibulo-
cochlear cranial nerves. 

·	 Revised Module 13.16 (formerly 13.15) includes an 
updated flowchart of the sensory pathway. 

·	 Revised Module 13.18 (formerly 13.17) uses the term 
lamellar corpuscle instead of lamellated corpuscle 
and the term bulbous corpuscle instead of Ruffini 
corpuscle. 

·	 Revised Module 13.19 (formerly 13.18) uses the term 
somatotropy instead of sensory homunculus. 

·	 Revised Module 13.21 (formerly 13.20) uses the term 
premotor cortex instead of motor association areas. 

Chapter 14: The Autonomic Nervous System
·	 Revised Module 14.9 includes updated art. 
·	 Revised Module 14.11 includes updated art with a key. 

Chapter 15: The Special Senses
·	 Revised Module 15.6 (formerly 15.13) uses the term 

canthus instead of angle of the eye and the term bulbar 
instead of ocular. The module also contains a new 
Clinical Note on conjunctivitis. 

·	 Revised Module 15.8 (formerly 15.15) contains new 
art to orient a close-up illustration, and it uses the 
term dilator pupillae instead of pupillary dilator 
and the term sphincter pupillae instead of pupillary 
constrictor. 

·	 Revised Module 15.9 (formerly 15.16) elaborates on 
the effect of distance on light refraction. 

·	 Revised Module 15.11 (formerly 15.18) contains a new 
Clinical Note on color blindness. 

·	 Revised Module 15.16 (formerly 15.6) introduces the 
term pinna; elaborates on otitis media; and describes 
hair within the external acoustic meatus. 

·	 Revised Module 15.18 (formerly 15.8) uses the term 
ampullary crest instead of crista ampullaris and the 
term ampullary cupula instead of cupula, and it differ-
entiates between the maculae of the utricle and saccule. 

·	 Revised Module 15.19 (formerly 15.9) states the mag-
nification of the light micrograph depicting the co-
chlear section (60×). 

Chapter 16: The Endocrine System
·	 In revised Module 16.1, the chart describing mecha-

nisms of intercellular communications includes a 
new row featuring autocrine communication. The 
module also includes a new text box illuminating 
the similarities between the nervous and endocrine 
systems. 

·	 Revised Module 16.7 (formerly 16.6) includes up-
dated art and flowchart clarifying the negative 
feedback mechanism that controls secretions of the 
hypothalamus, pituitary gland, and endocrine target 
organs. 

·	 Revised Module 16.9 (formerly 16.8) uses the term 
principal cells instead of chief cells and includes a 
new flowchart elucidating the regulation of blood 
calcium. 

·	 Revised Module 16.11 (formerly 16.10) uses the term 
pancreatic polypeptide cells instead of F cells and in-
cludes a new flowchart elucidating the regulation of 
blood glucose. 

·	 Revised Module 16.15 (formerly 16.14) includes a new 
flowchart elucidating the regulation of blood pressure 
and volume. 

·	 Section 2 Review includes updated art and corre-
sponding terms for the Labeling section.

Chapter 17: Blood
·	 Revised module 17.2 includes updated art of the com-

position of blood. 
·	 Revised Module 17.3 includes updated art highlighting 

the differentiation of the lymphocyte lineage as well as 
the types of blast cells. 

·	 Revised Module 17.5 contains a new Everyday Physiol-
ogy box that discusses a red blood cell’s ability to carry 
oxygen. 

·	 Revised Module 17.6 includes updated art clarifying 
the sequence red blood cell production and recycling. 
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·	 Revised Module 17.7 includes updated art of shapes of 
anti-A and anti-B antibodies; anti-Rh replaces anti-D; 
added “clumping” or “no clumping” under test results 
for clarification).

·	 Revised Module 17.10 discusses the role of thrombin 
and a positive feedback loop in blood clotting. 

·	 Revised Section 2 Review contains a new Concept 
Map and a new Matching section. 

Chapter 18: The Heart and Cardiovascular Function
·	 The chapter uses mitral valve as the primary term and 

left atrioventricular valve as the secondary term. 
·	 Revised Module 18.1 (formerly 19.1) introduces the 

four-chambered structure of the heart and contains a 
new illustration of the systemic and pulmonary circuits. 

·	 Revised Module 18.2 (formerly 19.3) contains a new 
Clinical Note describing cardiac tamponade. 

·	 Revised Module 18.3 (formerly 19.2) includes an up-
dated chart clarifying the layers of the pericardium 
(uses parietal layer of serous pericardium as primary 
term replacing parietal pericardium and visceral layer 
of serous pericardium as primary term and epicardium 
as the secondary term)

·	 Revised Module 18.7 (formerly 19.7) contains a new 
Clinical Note discussing surgical replacement of dam-
aged heart valves. 

·	 Revised Module 18.11 (formerly 19.12) contains new 
illustrations of a skeletal muscle fiber and a cardiac 
muscle cell. 

·	 Revised Module 18.12 (formerly 19.11) contains new 
ECG tracings paired with events of the cardiac cycle 
and conducting system. 

·	 Revised Module 18.16 (formerly 19.15) includes an  
updated flowchart of factors affecting stroke volume. 

·	 Revised Chapter Review contains new questions 10, 
13, 14, and 15. 

Chapter 19: Blood Vessels and Circulation
·	 Revised Module 19.1 (formerly 18.1) includes new art 

to present the circulatory system more realistically and 
incorporates the terminology afferent vessels and effer-
ent vessels. 

·	 Revised Module 19.2 (formerly 18.2) contains new art 
of an artery portraying a thicker tunica media. 

·	 Revised Module 19.3 (formerly 18.3) contains a new 
micrograph of a capillary bed.  

·	 Revised Module 19.4 (formerly 18.4) discusses that 
because veins are distensible they can act as blood 
reservoirs. 

·	 Revised Module 19.5 (formerly 19.17) elaborates 
on the relationship between venous return, venous 
pressure, and cardiac output, and it distinguishes be-
tween autoregulation and central regulation of blood 
flow.

·	 Revised Module 19.7 (formerly 19.19) includes updated 
art that shows the relationship between vessel luminal 
diameter and cross-sectional area. 

·	 Revised Module 19.8 (formerly 19.20) includes up-
dated art clarifying fluid movements across a capillary. 

·	 Revised Module 19.9 (formerly 19.21) contains new art 
depicting the autoregulation of blood volume and pres-
sure and new art depicting the baroreceptor reflex. 

·	 Revised Module 19.10 (formerly 19.22) contains new 
art depicting the response to decreasing blood pres-
sure and volume and the response to increasing blood 
pressure and volume. 

·	 Revised Module 19.11 (formerly 19.23) contains new 
art depicting chemoreceptor reflexes. 

·	 Revised Module 19.13 (formerly 19.25) contains new art 
depicting the short-term and long-term mechanisms 
that compensate for a reduction in blood volume.

·	 Revised Section 3 Review contains a new Matching 
section linked to new art. 

·	 Revised Module 19.14 (formerly 18.5) defines blood  
island, distinguishes the terms hemangioblast and  
angioblast, and contains new art detailing the yolk sac 
and vasculogenesis. 

·	 Revised Module 19.16 (formerly 18.7) contains a new 
Everyday Physiology box discussing the functionality 
of dual venous drainage in the neck and limbs.   

·	 Revised Module 19.19 (formerly 18.10) includes con-
fluence of sinuses.   

·	 New Module 19.23 provides flowcharts summarizing 
the systemic arterial and venous circuits. 

Chapter 20: The Lymphatic System and Immunity
·	 Revised Module 20.1 describes the immune system as 

a functional system. 
·	 Revised Module 20.2 notes that small to medium-

sized lymphatics contain valves. 
·	 Revised Module 20.3 contains a new Clinical Note  

describing lymphedema. 
·	 Revised Module 20.4 includes an updated flowchart 

that describes regulatory and memory T cells. 
·	 Revised Module 20.5 uses the term paracortex instead 

of deep cortex and includes updated art that shows the 
medulla of a lymph node. 

·	 Revised Module 20.6 contains a new Clinical Note  
describing myasthenia gravis. 

·	 Revised Module 20.7 contains a new Clinical Note  
describing the implications of a ruptured spleen. 

·	 Revised Module 20.11 (formerly 20.10) includes up-
dated charts on the function of NK cells and immuno-
logical escape. 

·	 Revised Module 20.12 (formerly 20.11) contains new 
art and descriptions of the three pathways of comple-
ment action. 

·	 Revised Module 20.13 (formerly 20.12) contains new 
descriptions of aspects of innate immunity. 

·	 Section 2 Review contains new questions 13 and 14. 
·	 Revised Module 20.14 (formerly 20.13) uses the term 

acquired instead of induced. 
·	 Revised Module 20.16 (formerly 20.15) uses the term 

regulatory T cells instead of suppressor T cells. 

x  •  Preface

A02_MART4695_03_SE_FM.indd   10 04/11/16   10:19 PM



·	 Revised Module 20.18 (formerly 20.17) uses haptens as the 
primary term and partial antigens as the secondary term. 

·	 Revised Module 20.22 (formerly 20.21) uses the term 
transplant rejection instead of graft rejection and clari-
fies the functioning of HIV. 

Chapter 21: The Respiratory System
·	 Revised Module 21.2 uses the term mucociliary esca-

lator instead of mucus escalator, and contains a new 
description of mucous glands  and a new Clinical Note 
describing cystic fibrosis. 

·	 Revised Module 21.3 contains a new Everyday Physiol-
ogy box describing how the nasal mucosa warms and 
humidifies the air entering the nasal cavity. The module 
uses the term dorsum of nose instead of bridge of the 
nose and the term nostrils instead of external nares. 

·	 Revised Module 21.5 contains new art of the trachea 
and esophagus. 

·	 Revised Module 21.7 uses the term blood air barrier 
instead of respiratory membrane. 

·	 Revised Module 21.11 contains the equation for ana-
tomic dead space. 

·	 Revised Module 21.12 contains new art to present the 
circulatory system more realistically.

·	 Revised Module 21.13 contains a new Clinical Note on 
the time limitations of storing blood in a blood bank. 

·	 Revised Module 21.17 contains a new flowchart of the 
regulation of arterial PCO2

.
 

·	 Revised Module 21.18 contains new art.

Chapter 22: The Digestive System
·	 Revised Module 22.2 uses the term muscular layer  

instead of muscularis externa and the term submuco-
sal neural plexus instead of submucosal plexus). 

·	 Revised Module 22.4 contains a new Clinical Note  
describing congenital megacolon. 

·	 Revised Module 22.6 clarifies the locations of the pala-
tine tonsils and the palatoglossal and palatopharyngeal 
arches, and it describes ankyloglossia. 

·	 Revised Module 22.7 uses the term cement instead of  
cementum; defines dentition; and contains a new Clini-
cal Note describing an impacted tooth. 

·	 Revised Module 22.10 describes the pyloric orifice. 
·	 Revised Module 22.12 contains new art and descrip-

tions of Paneth, stem, and epithelial cells. 
·	 Revised Module 22.14 contains a new description of 

enterocrinin. 
·	 Revised Module 22.15 contains new descriptions of 

the local and neural responses of the gastric phase and 
of the hormonal responses of the intestinal phase. 

·	 Revised Module 22.17 includes updated art of the def-
ecation reflex. 

·	 Revised Module 22.21 uses portal triad as the primary 
term and portal area as the secondary term, the term 
stellate macrophage instead of Kupffer cell, and con-
tains a new Clinical Note on portal hypertension. 

·	 Revised Module 22.22 uses the term bile duct instead 
of common bile duct. 

Chapter 23: Metabolism and Energetics
·	 Revised Module 23.3 (formerly part of 23.7) on gly-

colysis now precedes discussion of the citric acid cycle 
(formerly 23.3). 

·	 Revised Module 23.5 (formerly 23.4) defines oxida-
tion, reduction, and chemiosmosis and labels protein 
complexes of the electron transport chain by roman 
numerals. 

·	 Revised Module 23.6 (formerly part of 23.7) describes 
total ATP yield from metabolsm of a glucose molecule 
based on recent values of ATP yield per NADH (2.5 ATP 
vs. previous 3 ATP) and FADH2 (1.5 ATP vs. previous  
2 ATP). 

·	 Revised Module 23.14 (formerly 23.12) replaces the 
term vitamin D3 with vitamin D.  

Chapter 24: The Urinary System
·	 Revised Module 24.4 contains a new micrograph of 

nephron loops. 
·	 Revised Module 24.5 contains a new Everyday 

Physiology box describing the innervation of the 
kidneys. 

·	 Revised Module 24.7 contains new descriptions of 
the parts of a nephron and new illustrations of renal 
structures. 

·	 Revised Module 24.8 uses the term capsular layer  
instead of parietal layer. The parts of the juxtaglo-
merular complex are now labeled. 

·	 Revised Module 24.9 contains a new flowchart of the 
regulation of the glomerular filtration rate and a new 
Everyday Physiology box on the reabsorption of glo-
merular filtrate. 

·	 Revised Module 24.10 includes updated art of the  
reabsorption of the proximal convoluted tubule. 

·	 Revised Module 24.11 includes updated art of the 
nephron loop. 

·	 Revised Module 24.13 includes a new step 8 discussing 
papillary duct permeability to urea and new art show-
ing urea transporter. 

·	 Revised Module 24.16 describes the detrusor of the 
urinary bladder and includes updated art showing the 
blood supply to the kidneys. 

·	 Revised Module 24.17 contains new art describing uri-
nary storage and voiding. 

Chapter 25: Fluid, Electrolyte, and Acid-Base Balance
·	 Revised Module 25.1 defines intracellular fluid and 

extracellular fluid. 
·	 Revised Module 25.2 uses the term dietary intake  

instead of dietary input or ingestion. 
·	 Revised Module 25.3 discusses sports drinks. 
·	 Revised Module 25.4 contains new flowcharts of the 

regulation of sodium concentration and ECF volume. 
·	 Revised Module 25.6 uses the term metabolic acid  

instead of organic acid.
·	 Revised Module 25.10 contains new flowcharts of the 

regulation of normal acid-base balance.
·	 Section 2 Review contains a new Labeling section. 
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Chapter 26: The Reproductive System
·	 The chapter uses the term sperm instead of spermatozoa. 
·	 Revised Module 26.1 includes a new description of the 

male reproductive system in terms of internal genitalia 
and external genitalia.

·	 Revised Module 26.4 uses the term interstitial endo-
crine cells instead of interstitial cells and contains an 
expanded description of the histology of a testis. 

·	 Revised Module 26.6 contains a new Clinical Note on 
impotence. 

·	 Revised Module 26.8 clarifies the description of the  
female reproductive system and defines the mons pubis. 

·	 Revised Module 26.9 hyphenates the terms retro-uterine 
and vesico-uterine. 

·	 Revised Module 26.11 describes peg cells.
·	 Revised Module 26.12 uses the term basal layer instead 

of basilar zone the term and functional layer instead of 
functional zone. 

·	 Revised Module 26.13 contains a new Everyday Physiol-
ogy box discussing breast size. 

·	 Revised Module 26.15 includes an updated chart that  
depicts the GnRH pulse frequency. Text in Follicular 
Phase of the Ovarian Cycle box changed to reflect that 
one tertiary follicle from a group becomes dominant; 
Tertiary ovarian follicle development label replaces Fol-
licle development label; temperature ranges changed for 
both Celsius and Fahrenheit scales; and Menses label 
changed to Menstrual Phase.

Chapter 27: Development and Inheritance
·	 Revised Module 27.1 defines the term pregnancy. 
·	 Revised Module 27.2 fertilization step titles and text 

in step art and clarified when DNA synthesis occurs; 
added a new Clinical Note on male sterility. 

·	 Revised Module 27.3 includes updated art that shows 
implantation occurring over 6-9 days after fertiliza-
tion, and uses cytotrophoblast instead of cellular tro-
phoblast and syncytiotrophoblast instead of syncytial 
trophoblast. 

·	 Revised Module 27.4 contains a new Clinical Note  
describing gestational trophoblastic neoplasia. 

·	 Revised Module 27.5 uses the term extra-embryonic  
instead of extraembryonic.

·	 Revised Module 27.8 contains new art depicting the  
embryo after 3 weeks of development. 

·	 Revised Module 27.9 contains a new Clinical Note  
describing the correlation between maternal age and 
medical risks during pregnancy. 

·	 Revised Module 27.10 contains a new Clinical Note on 
the implications of premature labor.  

·	 Revised Module 27.14 uses the term autosomes for au-
tosomal chromosomes.

·	 Revised Module 27.16 (formerly 27.15) discusses  
incomplete dominance. 

·	 Revised Module 27.17 (formerly 27.16) uses the term 
sickle cell disease instead of sickle cell anemia and  
defines epigenetics. 

xii  •  Preface
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